“Big whirls have little whirls whick feed on their velocity.
Little whirls have lesser whirls. And so on 1o viscosity.”

~f. F. Richardson

Mariner § Guide to the 500-Millibar Chart

Joe Sienkiewicz and Lee Chesneau
National Weather Service

etailed stock and bond inlormation is

available daily. For thosc willing 1o

expend the time and cllornt to analyze

these data the rewards can be gratifying.

The samce can be sald in maritime circles
of 1he surface and 300-millibar chasts, provided on
marine radiofacsimile by the U.S. Coast Guard from
NMF (Marshiicld, MA) and NMC (Pt Reyes. CA).
Both transmit five 500-millibar (mb) charts cach day
(iwo analyses, two 48-hour forecasts and one 96-hour
forecast).

For your investment decisions you can depend
on your broker, just as you can turn to your weather
forccaster lor route decisions. In both cases it 1s the
prudent individual who uses all available resources and
makes his own final decision.

“The professional mariner and ocean sailor can
nse the 500-mb analyses and forecasts in combination
with surface pressure charts to berter understand and
anticipate the workings of the aunosphere. With a lit-
tle bit of knowledge und patieym recognition cxperi
ence, you will be able 1o make more educared decisions
concerning upcoming weather and the movement of
low pressurc S}'SLC!IIS.

Surface Weather Chart Basics

Surface weather charts diat depict isobars, high
and low centers and a variety of weather fronts are
familiar (o mariners. The general pereeption is tha
fows are associated with bad weather and highs mean
light winds near the center with gencrally fair weather,
but there is more to it than that. Jsobuars are lines of
cqual pressure on the surface of the carth— at the bot-
tom of the wimosphere. Therelore, this sutface pres-

sure is a direct measure of all of the processes that are
happeoniog from upper and mid-levels in the atmo-
sphere down to the surtace! These processes inclhude
cold air sinking, warm, moist air 1ising, precipittion,
and air streams or jet streans coming togather (con-
verging) or spreading apart (diverging). The swface
pressure pattern is actually a two dinwensional repre-
seyuation of the three dimensional atmosphere!

1l you look at a surface map and think that the
low over Chicago today will be over New England
tororrow and affeciing my vessel the day afier, you
are forecasting by continuity. ‘This is moving the exist-
ing state of the atmosphere {lows, highs and frouts)
around the earth withour taking account of all the pro-
cesses involved. fn the early part of this century that s
the way metcorologists first Torecast storm systens.

If you learn anything from this avticde remenm-
ber thar the atnosphere is dynamict The surface pres-
sure ficld responds 1o changes in the atmosphiere alaft
and vice versa. Storms have life cydes; they are born,
some grow and streugthen, and cventually they spin
down and dic. Tle intensity and length of Bife ot a Jow
is a direct result o interaction between the lowest level
in the aunosphere and mid and npper Jevels. An
excellent measure ol this imeraction is the H9-mb
beight ficld. (Note: Z time is the same as UTC)

Joe Sienkiewicz anif fov Chesnean are High Seas Forecusters

“ioe the Adavine Farecast Brawch of the Netional Meteorolug:

cal Center located i Washington, D.C. Both have writlen
exeollent articles for the Mariners Weather Log in the pust,
in addition o their stremtows marene forveast duties.
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Figure §. The 500-millibar analysis for 12€ December 10, 1994,
Short wawe trovghs ave shown by « dashed line. Jigzag lines indi-
cale vidge axes. The location of surface lowe pressuve centers at 127

The 500-millibar Basics

The 500-mb surface is a constant pressure sur-
face approximacely midway up in the troposphere {the
lowest layer of the carth's atmosphere). The pressure
exerted by the air cohwmn above this level is exactly
500 mb, but the height of this surface varies. The
500-mb constant pressure surface generally averages
approximately 5600 mevers (18,000 feet) in height but
can vary from roughly 4700 meiers in an extremely
cold {(more dense) uimosphere to pearly 6000 meters
na very warn (less densc) atmosphere.

The solid contours shown on the 500-rub
chart (Figure 1) represent geopotential heighe (basical-
ly, height in whole merers with a slight diffcrence).
The number 5640 means 5640 meters. In a sense you
are looking at a topograpbic map of the 500-mb pres-
sure surface. The 500-mb heights are higher in
warmer air masses (less dense) and lower in colder
air masses {more dense). Therefore, the heights gen-
erally are lower to the north and higher to the south.
In Figure 1, louk at the heiglu differeaces trom the

contour at 30N, 0" W (5820) and south of Iceland

December 10 are indicated by a siwr. Observed 24 howr tracks of
lows ure shoion by arraw heads, and the observed position of low
centers al 127 December I'F are shount with an opru-fuced st

near S0°N, 20°W (5220) inciers (approximaicly 600
meters difference).

The doser the 500-mb height contours are
wgether, the stronger the horizomal and verdcal teur-
perature contrasts and the faster the wind specd ar 500
mb (the wind at this level is for the most part paratlel
to the height conwours). A simple rule of thumb— the
tighter the height contours, the higher the wind
speed, the stronger the temperature difference below
500 mb. In Figurc 1, a strong band of southwesterly
winds extends fromn near 30N, 10°W 10 northern Scot-
land— good indication that « moderate o strong sur-
face front exists in this area.

Winds at 500 mib are generally not the acticd
Jetstreans, which is usually between 200 and 300 mb.
Jetstreams exist duc fo horizontal temperature con-
trasts. In an exuremely cold atmosphere, the arctic jet
stream can extend down 10 300 mb. However, mcteo-
rologists do call wind speed maxima at 500 mb jets or
Jjetstreaks, On the 500-mb charts distributed over
radiolacsimile, only 500~mb heights and winds are
depicted. The distribution of height contours and
therefore the strength of 300-mb winds implics the
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Figure 2. The forr ponel diagram skows the S00-mb analyses and
short wave trongh axes (dashead line), sufuce presveove analyses, wnd
verticat ernss seclions of SG0-wmb pressure surface, swrface low posi-

strength ol horizonta) lemperature contiasts.

L's and IT’s represent aveas of relatively higher
and lower heights. An L. or H with a closed contour
around it implies that the high or low has a closed cir-
culadon with the wind circulating around it In Yigure
1, 2 58994 closed high can be sern just west of the
Straits of Gibraliar. An open 5185 low can be seen ar
30"N, 37°W (there is no closed height contour and 1o
closed circulation).

Troughs arc arcas of relatively lower heights
and are U or Vshaped in the contours. Several
troughs axes are indicated in the chint by dashed lines.
For example, « trough extends [rom just east of Hud-
son Bay Lo the Canadian Maritimes. A wmore complex
area of roughing can be seen in the mid-Atlantic with
one trough along 35" W and 2 scecond between 407 and
50°W south of 40°N.

Ridges are arcas of bigher heights and are
shaped like an upside down U or V and are indicated
by a Zigzag line. A strong ridge extends novth north-
castward from ofl the Afvican Coust (o the Brilish Isles.
A broader, flatter ridge can be seen off the southeast

tion and vertical trough axis {dashed tine) for (o) OUOGZ Noventer
5, 1) OOOGZ November 6, {¢) OUL Novembey 7, wwd {18; QOU0O7,
November 8, 1994,

U.S. coust extending 1o hetween 5OW and GO™W.

On the charts disuibuted over vadiolacsimile
by NMC and NMF, the 5640-mcter hieight contour is
enhanced v bold. Some basic rmles of thumb used by
marine meteorologists concerning the 5640 contowr
anc 500 mb wind maxima ace as {ollows:

— In wintertime the 5648 contour is an excellent indi-
cation of the southern extent of surface winds of
force 7 westerlies or greater. In summer the 5640
height contour is more representative of force 6 sur-
face westerlies.

— The surface storm track is usually 300 10 600 naus-
cal miles north and parallel to the 5640 height con.
tour.

— Fronts (cold fronts, in particular} and surface

storm centers move at approximately % to ' the
500-mb wind spced.

- The surface wind speed, especially in the west to






tre and moisture content. The surface low has
matired (968 mb at 12007) and is heginoing to fill or
weaken. A well defined closed circulation now
extends to greater than 500 mb,

i this sequence we have scen (hree stages in
the life cycle ol a shorr wave wough. First is the devel-
oping phisc where the 300-mb short wave wough lags
hehind the surface low and winplilics with time. The
il of the rough axis in the vertical decreases with
lime and the surface low deepens. The second or clos-
ing olf phase is shown in panel C as height contours
begin to cucircle the newly formed 500-mb low and
close off the vortex. The drcolation has becowne
closed from the surface 10 300 mb and the surlace low
slows its forward motion. In the mature phase, the
500-snb low is verically stacked above the surface low.
Therce is no more deepening and the cyclone begins to
{31

To sumumarize, this low pressurce system in 72
hours moved from the Greac Lakes 1o 20°W and deep-
ened 36 mb. The rapid speed of moton was a direar
result of the 500-nmib low heing west 1o east or zonal

Behavior of Short Wave Troughs

Let's follow the 500-mb witd maxima
through the life of two short wave troughs as they
interact. The H00-mb and surlace analyses {or every
12 howrs from 12007 October 12 w0 00007 October
15, 1991 are shewn for this mid Paciic development
in Figure 8,

At 127 October 12, a benign looking 1010-mb
low can be seen ac 33°N, 1767F with a weak short wave
300-mb trough a approximuately 172°E (there is some
tilt with height, so huortlier deepening is expected).
Upstream, sowh of Kanichatka, s a modcrate north-
west How 1o 65 knots and a fairly flat short wave
rough (second dashed line) along 163°E. However,
encrgy at 50 mb is poised o dig southcastward from
the second short wave toward the 1310-mb low. With-
oul the 500-mb chart one would not expect much in
the way ol deepening of this surface low.

By 007, October 13, the 1two short waves have
begun o phase as indicated by the two dashed lines
beginming o line up and bave amplilicd over past 12
hours (become wove V or U shaped). There 15 also
some short wave ridging (upside down U curvature of
the height contours) to the east as indicated by the
agrag line. “The surlace Jow has deepened 10 mb—
nearly T mb peor hour during the past 12 hours.

Twelve hours kuer the swrface low has deep-
encd another 15 mb o 985 mb and the pressore gradi-
ent has deoumadically tightened in the northwest
quadrant of the low. Storny foree winds should be
cxpected in this region. AL 00 mb the wind maxima

has pow spread to the cast of the trough. An 80-knot
maxima exists in rhe northwest (low wlong 10"N. The
trough axes arc lined up s (he two short waves are
now phased.

AL 00Z Ocober 14, the open frough at 300 mb
has closed off a 3436-1mcter low— a circulation now
extends up 0 500 mb. The 300-inh wind maxina cou-
Lnues to grow to the cast of the stormu as the low
moves slowly northeastward. The Jow s now vertically
stacked and has nearly completed its decpening. One
ship obscrved a 50-knot northeast wind norh of the
storm sysiem.

By 12Z October 14, although the 50t-mb Jow
is at 5416 meters, the cosed contours have opened up.
The 500-wmb low is lifling northeastward while the sur-
face low is clongated toward the northeast as indicated
by 4 second low shown near the intersection ol the
warm and cold {ronts. The wind muadma at 500 mb is
evenly distributed east and west of the 500-1b (rougl
but is growing on the cast side, so the 500-mnb low s
beginming o open up and Iift out. T'welve hours fater
the 500-mb Jow has opened up and dissipaed. The
500-mb wind maxima 10 the west of the system is gotie
and the bulk of the wind energy is now cast ol the
northeasiward-pointing short wave trougl sxis. The
surface low is clongating northeastward— the direction
the toward which the strongest 500-mb winds are
blowing.

In review, the greatest deepening in the sur-
face low 100k place during the first three tme periods
as the two 500-mb short wave troughs plase, aud the
strong wind maxima begins (o extend around the base
of the 300-mb short wave rough. The cyclone is verti-
cally stacked at 007 Qctober 14 with the closed
500~mb low right over 1he surface low and wind maxi-
nu continuing to strengihen cast ol the 500~mb
tough axis. Liutle or no deepenimyg should be expect-
ed alier this point. 1o the final two Iames, we see the
wind maxita weaken west of the system and sirength-
cn 10 the cast of the 300-mb ough axis, the cosed
500-mb low opens up 1o a wough and the surlace Tow
hegins o weaken and clongare northeastward, This
sequence is faivly rypical for the furmation of a low and
cvolution of the 300-mb trough and associated wind
Hama.

500 Millibar Patterns
Now thar we bave gone over the behavior of
300-mb short wave trougls and surface cyclones, lets

take a look at some typical 53G-d flow patterns.

Zonal Pattern

Rapid west 1o cast flow where the 500-mb
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Fagure 3. Stx panel dingram showing S00-mb and surfoce pressure
unalwses for: (a) 12002 Octuber 12, (b) (IO, October 13, (¢}
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Figure 4. 500 mb analysis for the North Atantic for 000G,
December (8. 1994 showing « 2omal pattent. Shott wave troughs

height contours are Wigned west to cust is called zonal
flow (scc Figure 4). Any shoit waves embedded in
zonal low tend to move rapidly [rom west to east. lLis
not unusual 1o see surface Jows or fronts move 35 10 50
knots. A good rule of thumb: a low or [ront embed-
ded in zonal (low in wintler will move, on average,
between 30 to 50 percent of the 500-mb wind speed.

To Figure 4 westerly flow at 500 mb extends
from central North America across the Atlantic (o west-
ern Europe with i 90-knot maxima over Ohio and
near 507N, 200W., Fronts embedded in these arcas may
move s rapidly as 40 to 43 knots. Tositions of surface
Jows arc indicated with a filled-in star; 24-hour fore-

ast positions valid at 00007 December 09 ave indicat-
ed by an open star with the 24-hour low rack shown
by arrowhocads.

Zonal [low pattcrns tend 1o be unstable and
short-lived. They often break down into a more ampli-
licd patern fairly rapidly. When a (ransition from a
yonal 10 a morce muplificd or meridional pautern is tak-
ing place, a strong surlace stovm will usually develop.
The 500-mb chart shown in Figure 4 is 2% days carher
than the more amplified pattern shown in Figure 1.
The surfice low ceuter ofl the New Fngland coastin
Figure 4 moved east northeastward at nearly 30 knots

wnel vidges uve indicated witl doshed and zigzag lines. respectively.
Pusitions and tracks for surfoce lous are as mdicated in figure. 1.

1o southeast of Newfoundland where it merged with
an older low (ncarly vertically stucked) located over the
Gulf of Si. 1Lawrence. ‘T'he resultant low strengthened
rapidly to 975 mb hy 00007. December 09 and the
500-mb pattern was amplificd.

Another low embedded in sirong 500-mb
southwesterlies off Ireland, moved northeasiward at
35 knots ucross Scotland to the Norwegian Sca. A
third low ncarly vertically stacked under the closed
489 1-meter 500-mb low ofl Iectand drified west
towards 307W.

Notice two distiuet ribbons or stucawms of flow.
The dominant flow is west (o cast from Nortlr America
to Kurope. The second stream drops southeastwacd
from Greenland and meyges just west of Furope with
the more southerly stveam. Merging strcais create
areas ol constricted height contours, geacrating higher
500-mb wind speeds and strong temperature difler-
ences below 500 mb (strong fronis). ‘Think of this as
the northern stream supplying very cold air and south-
ern stream supplying relatively moderate warm air and
moisture. [t is not unusnal to see as many as three
streams al HOO0 mb.
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Figure 5. The vbserved 300-mb ehart is for the Noreh Pacific at
ODIHE Decernder 03, 1999 and shazes e mevidionad pattern.

Meridional Pattern

in o meridional pattern the contours have
more amplitude (north—south orientalion) than in a
zonal flow (see the example from the North Pacilic in
Yigure 5). Meridional patierns tend 10 move cold air
south and warm aie north. Sucface lows and 500-mb
short wives will move more toward the north or south
than in a zonal paitern (onyg a meridian). Look at
the 24-hour tracks in this example. The surlace low at
47°N, 169"W moved northeastward at 30 knots 10 just
off Kodiak Island. The low and short wave trough
west of Califoruia moved southeastward. The surface
low, associated with a cJosed low north of fapaag,
moved slowly northeastward. A large ridge extends
from Alaska to west of Flawuaii and vortherly flow cast
of 1he ridge brings cold air soutliward from interior
British Columbia and Northwest Territories oul over
the widers west of the Pacific Northwest, Sonthwesier-
ty flow is moving wanu moist air from south of 34°N
near [70°FE northeasterly toward Alaska.

The coneept of different streams can casily be
seen on this chart. Fast of Japan the northern stream
weakens as it moves over a ridge aong 160°E. The

Meridional patterns tend to move cold wir south mud warm air
norik.

sowhern stream is strongey west of 170°W and Jess
amplilied than the nonhern stecam. Facther enst the
northern stream is stronger in the northerly flow east
ol 140" W with a weaker southem stream trough near
357N, 140°W.

The stream coneept is important because the
Interuction between short waves embedded br difTer-
ent streams aod in particul:r where the short waves
pluse together are arcas for potentially significant sur-
face low development.

Remember that the 500-m (icld is in
motion. Therefore, it is a good idex 1o look at the
500-mb [orecasts w see how the patiern is expected
Lo evolve. It is not unusual 1o have a progressive
meridional pattern where short wave iroughs and
ridges, although they are amplificd, continue their
castward progyession. In the fall of 1934, Doth the
Atlantic and Pacilic had strong. progressive meridion-
al patteros.

Blocking Pattern

A high amplinude ridge dua Blocks (e west
to cast progression of the westarlies s aptly named a
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Figare 6. The 5(Ki-imb chast for the North Atlantic for QU007
November 30, 1994. ‘This chart shows « blocking pattern over

blocking ridge. Figure 6 shows a blocking patiern with
a lurge ridge blocking the westerlies over western
Kurope and the castern North Atlantic.

In a blocking paitern, short waves will be
steered northward or northeastward over the blocking
ridge. I the amplitude of the ridge is large enough,
then short wave troughs approaching from the west
may iry 1o undercul or drive under the block. “this
undercutsing helps 10 set up « split in the westerly flow
to the west of the blocking ridge and vventually helps
to break down the block.

[n Figure 6 the splitin the westerlies can easily
be seen near S0CN, 25°W. The 550-mcter closed low
near 38°N, 24"W is 1 result of the westerlies trying (o
undercut the blocking ridge. Due to the strength of
the northwest flow 1o the west and northwest of the
S50b~mb low, the low is said to be “digging™ to the
southeast. Thus the surface Jow and 500 mb hoth
move southeastward.

Closed lows that foriu o the west of a blocking
ridge and dig southeastward 1end to be fairly strong
and il is not unusual to have surface winds at 15 10 30
knots w the west and southwest of the surface low.

Two lows near lecland and south of Greenland
are moving northeastwird and north northeusiward

Fyrofe und the extreme castern North Atlantic. The split in the
westerlies can be seen at 50 N, 25 W

due 1o the blocking ridge 10 the cast. Blocks may last
10 days or more.

Cutoff Lows

If 2 500-mb pattern becomes amplified
enough then it is possible for a low o form on the
southern boundary of the westerlies and become “cut-
off” as shown in Figure 7. The closed circulations
assoctated with the lows over eastern Kansas, the mid
Adantic (107N, 15"W) and Spain are ontoft from the
main stream of zonal westerlics north of 35°N. Weak
ridging separates the higher latitude westerlies from
the three cutofls. Cutolls tend 10 remain stationary
and persist for several days. They may be accompa-
nied at the surface by strong winds {in particular, in
the north o vorthwest low 1o the west of 1l develop-
ing low), showers, and (hunderstorms.  Also, it is not
unusual to have strong casterlics o the north and
northeast of the center duc 10 the shroug pressure gra-
dient herween the ainolt and strong swrface bigh to
the northeast or enast. Cutofts either gradually weaken
or are pickad up by the bigher latitude westerly How
when the pattern amplifies again and the capping
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Figure 7. This S00-mb aneelysis for the Nerth Atlantic at 12007
September 23, 1994 shows three autoff lows. These systems play o
significant role in any surfuce fratures beneath them, Cadoff lowy

ridge breaks down. They tend to occur most in the
spring and fall when the westerlics migrate north and
sonth, respectivcly.

These are just samnples of several basic 500-mb
patierus. At any given (ime a varicty or combination
of paverns may exist over an occan basin. Tt is not
unusual in the Pacific (o have strong zonal Tow over
the western Pacilic with a meridional or cven a block-
ing pattern over the castern Pacific.

Derivation of the 500-mb Height Field

You might wonder how the 500-mb height
field is determined over the oceans. Globully, cach
day wt 0000 and 12007 over the continents, at selected
islaud sites, and on several specially equipped mer-
chant ships, weather balloons wre launched to sample
the vertical structure of the atmosphere. Oue of the
mandatory levels at which the height, wind, tempera-
ture, and humidity data are mesured is the 500-mb
level. Although balloon dara is scarce over Wie oceans,
ship sirface weather observations, commercial aircrafi
reports at jet stream level and satellite derived mois-
ture profiles and wind estimates are all combined and

tend to persist and remrin siationary for scucral daxs. They ave
wften accompanied by strong snrface winds to the west of develupring
surfuce lous.

quality-controlled 1o help determine the initial staic or
three dimensional structure of the atmosphere over
the oceans. o addition, 6-hour forecasts from the
operational computer lorecast models are used as o
first estimate as (o (he initial state of the atmosphere.
Think of all the global observations being used to
tweak the previons computer model forecasts in the
right dircation, which makes for refatively cousistent
model] forecasts. Note that your ship observations bave
an impact in determining the three dimensional sorue-
ture of the atmosplicre.

‘I'he highly sophisticared operational forccast
computer models that siimulate the atmosphere are
then run using the analysis detenuined from a cosnbi-
nation of the observed data and previous model fore-
casts. The b00-mb height fickls rom the analysis
process and 48— and 6-hour lorecasts from the NMC
Global Speciral Model are vansmitted via radiofacsimi-
le. Swudies have shown that 500-mb forecasts tend o
be more accurate thuan surface pressure forecasts.

The Bottom Line

One way (0 use the b00-mb charts is to setup








